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INTRODUCTION 94

Intrahepatic cholangiocarcinoma (ICC) is an adenocarcinoma which arises in the bile ducts 95
MicroRNAs (miRNAs) are key players in the control of numerous physiological and pathological 119 processes during carcinogenesis, including cellular transformation, tumor differentiation, 120 neoplastic proliferation, and apoptosis [13] . Altered expression of miRNAs has also been 121 reported in other forms of hepatocellular carcinomas (HCC), where a strong correlation between 122 miRNA dysregulation and histological differentiation of the tumor has been observed [14] [15] [16] [17] . As 123 miRNAs are well-preserved after formalin fixation, there has been a surge of interest in their 124 development as biomarkers in retrospective cancer studies using FFPE as presented in the 125 current manuscript [13] . 126
Although previous reports have focused on single miRNAs involved in the oncogenesis of OV-127 induced ICC (e.g., [16, [18] [19] [20] The 13 control individuals (N-NT) included 11 females and two males with an average age of 45 153 years (95% Confidence Interval of 38 to 54 years of age). Clinico-pathological information and 154 representative images of the tissues used in this study are presented in Table 1 and in Figure 1 . 155
Both the Khon Kaen University and GWU IRB determined that the samples used in this study 156 did not meet the definition of human subjects research; i.e., a living individual about whom an 157 investigator conducting research obtains: a) data through intervention or interaction with the 158 individual or b) private identifiable information. This determination was made since the samples 159 were limited to pre-existing, de-identified specimen analysis labeled with a random code. 160
RNA isolation 161
A master slide consisting of a 5µm section from the FFPE block was prepared and stained with 162
Harris's hematoxylin and eosin (H&E). Normal (D-NT), necrotic, and tumor tissue (CTT) regions 163
were identified for each sample, and subsequently used as a template for additional microtome 164 sections (8 x 5µm for each case). RNA was isolated from FFPE sections using the miRNeasyFFPE kit (Qiagen) according to manufacturer's protocol [21] . Total RNA was eluted in 30 µl 166
RNase-free water. The concentration, purity and integrity of the RNA were determined by 167 spectrophotometry (Nanodrop 1000) and with the Agilent 2100 Bioanalyzer/Agilent RNA 6000 168 Nano Kit and Agilent Small RNA kit. Purified RNA was stored at -80°C. 169
Microarray Analysis 170
MicroRNA expression was profiled on the Agilent human miRNA microarray (miRBase Release 171 16.0) between the following groups (1) ICC tumor tissue (CTT) (n = 16) and a corresponding 172 non-tumor tissue distally macrodissected from the observed dysplasia or frank carcinoma from 173 the same FFPE block from the same ICC tumor block (D-NT) (n = 15) (note case B91 did not 174 contain corresponding non-tumor distal tissue); (2) CTT and normal non tumor-tissue (N-NT) (n 175 = 13) from biopsies of individuals undergoing gastric bypass surgery at GWU; and (3) among 176 the three common histological grades of OV-induced ICC: well differentiated (n = 6), moderately 177 differentiated (n = 2), and papillary tumor (n = 8). 178
Tissue from CTT, D-NT, and N-NT were equally distributed across six microarrays to prevent 179 bias of the signals to a single microarray. RNA was labeled with Cyanine 3-pCp using Agilent 180 miRNA labeling and hybridization kits and hybridized to the Agilent human miRNA array and 181 scanned. The feature intensities were transferred to digital data using Feature Extraction 182 SABiosciences tool (http://pcrdataanalysis.sabiosciences.com/mirna) and relative quantitation 205 performed using the ∆∆C t method [22] .Normalization was accomplished using SNORD68 and 206
SNORD95. 207
RESULTS
208
Cases and Controls 209
Detailed clinicopathological characteristics of the ICC FFPE samples used in this study are 210 shown in Table 1 and Figure 1 . In brief, FFPE consisted of anonymously coded FFPE from 211 histopathologically confirmed cases of ICC after informed consent from patients who underwent 212 hepatectomy at Srinagarind Hospital, Khon Kaen University and were stored under Best 213
Practices at the Liver Fluke and Cholangiocarcinoma Center, Khon Kaen University, Khon Kaen 214 define the tumor growth characteristics of each sample in Table 1 Histological grading was done as described by the International Agency for Research on Cancer 222 (IARC) [1] . In brief, assignment of well-differentiated adenocarcinoma to a tumor sample 223 required that 95% of the tumor contain glands. Figure 3B ). However, of these 40 dysregulated miRNAs, only six were shared 267 among the ICC tumor samples when these ICC samples were grouped by histological grade. 268
These six shared dysregulated miRNAs were used for qPCR validation of the microarray 269 analysis. Notably, the remaining 34 dysregulated miRNAs fell into distinct profiles that were 270 associated with the three histological grades of OV-induced ICC. Hence, in a pattern seen 271 throughout this study, the strongest and universal associations between miRNA dysregulation 272 and ICC tumor were evident among the distinct profiles of dysregulated miRNAs and their 273 association with ICC histological subtype. 274
Distinct miRNA profiles strongly associated with the histologic grade and subtype of ICC 275
We also compared CTT miRNA dysregulation without comparison to either histologically normal 276 tissue (N-NT) or corresponding non-tumor distal tissue (D-NT). Sixty-one of the >1,600 miRNAs 277 screened had a p value ≤ 0.05 and a fold change > 2.0 (Table 2) . Further investigation revealed 278 that miRNA dysregulation was again unevenly distributed among the histological subtypes, with 279 the kind, quantity and the magnitude of the miRNA dysregulation strongly associated with the 280 histological grade or subtype of the ICC. More specifically, miRNAs were significantly increased 281 in the quantity and the magnitude of their dysregulation in moderately differentiated ICC 282 compared to papillary ICC. A similar increase in number and magnitude of dysregulated 283 miRNAs were observed when papillary ICC was compared to well differentiated ICC (Table 2) . 284
In short, well-differentiated ICC showed the lowest miRNA dysregulation among the three 285 histological grades, which likely reflects the phenomenon that, unlike papillary and moderately 286 differentiated ICC, well-differentiated tumors show minimal cytological change and often closely 287 resemble the bile duct tissue from which they arise. When tumor tissues (CTT) were compared to healthy tissue (N-NT), 40 miRNAs were observed 330 to be dysregulated. However, the miRNAs dysregulation in this comparison may reflect the 331 possible differences in the composition of the samples; CTT were biopsied from livers resected 332 to confirm OV-induced ICC and may be enriched for cholangiocytes compared to hepatocytes. 333
In comparison, N-NT were biopsied from individuals preparing to undergo gastric bypass 334 surgery may contain more hepatocytes than cholangiocytes. However, even against this 335 backdrop of miRNA dysregulation possibly attributable to differences in the tissue composition 336 and even ethnicity, [14, 17] , the same pattern of miRNA dysregulation was evident: moderately 337 differentiated ICC tissue showed the greatest miRNA dysregulation, followed by the papillaryOnly six miRNAs were commonly dysregulated among the three types of ICC when compared 340 to healthy liver tissue by microarray, which we confirmed by qPCR. Moreover, the similarity 341 between tumor tissue and their corresponding non-tumor tissue was also observed for these six The main limitation of this study is the absence of a set of non-malignant cholangiocyte tissues 356 as controls, which are rare. If available, inclusion of normal cholangiocytes would provide a 357 precise baseline for the progression of altered miRNA expression and deliver a more 358 parsimonious miRNA profile associated with ICC subtype. Moreover, as we plan to detect these 359 dysregulated profiles in bodily fluids the need for comparison to cholangiocytes will be reduced. 360
The study also does not also contain functional analyses on the individual miRNAs found to be 361 dysregulated. However, the focus of the study was a comprehensive profiling of dysregulated multidisciplinary approach for ICC as they can be detected earlier and limit the invasive 374 procedures referred to above. Currently, as ICC presents late during the disease, confirmatory 375 needle aspiration biopsy or liver resection (hepatectomy) is required for the type of sample 376 analyzed in this manuscript. However, if these dysregulated miRNAs could be detected in an 377 accessible biofluid(s) (e.g., plasma, sera, urine, etc.) in persons with "a high index of suspicion" 378 prior to liver resection, our findings offer an opportunity for early determination of type of ICC, 379 which could aid in proper treatment. As ICC is highly vascularized, with a propensity for 380 angiogenesis, there is a good probability that these dysregulated miRNAs circulate in the blood. 381
Hence, our ultimate objective is to target these dysregulated miRNA profiles in plasma or sera 382 for screening. Additionally, recent finding of circulating exosomes (or micro vesicles) "laden" 383 with miRNAs secreted from the bile duct of individuals with ICC offers intriguing possibilities for 384 miRNA trafficking and may be responsible for our observation of similarly dysregulated miRNA 385 profiles in apparently normal tissue distal (D-NT) to paired tumors [35] . We plan to investigate 386 miRNAs circulating in bodily fluids as well as their trafficking by exosomes in future studies. In 387 addition, we also plan to explore the presence of novel miRNAs (not in miBAse 16) by 388 untargeted profiling of these same ICC tissues by RNA Seq. 389 Finally, as we were able to detect sets of dysregulated miRNAs associated with different CCA 390 subtypes of ICC, we plan to perform functional analyses to decipher the roles of these particular 391 miRNAs in the process of tumor differentiation, including both overexpression and knock-down 392 experiments mediated by antagomirs and/or miRNA sponges [36] . The effect of these genetic 393 manipulations would be evaluated at the phenotypic level, i.e. proliferation, migration assays, 394 etc., and also at the gene expression level [19] . These approaches could advance our 395 understanding in miRNAs in CCA oncogenesis and tumor biology, and advance therapeutic 396 strategies for this infection-related cancer. 397
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